The biological activity of protein-free transfectious DNA isolated from phage 3NT of Bacillus subtilis was not altered after treatment with diethyl pyrocarbonate (DEP), and the DEP-sodium dodecyl sulphate (SDS) method could be used to extract transfectious DNA from phage 3NT. No transfectious DNA could be isolated from phage T4 of Escherichia coli by the conventional phenol-SDS or by the DEP-SDS method. The DNA extracted from T4 phage either by the phenol-SDS or by the DEP-SDS method had about the same transforming activity, and the transforming activity ofT4 DNA extracted by the phenol-SDS method was not reduced by DEP treatment. On the other hand, protein-containing infectious particles obtained from T4 phage of E. coli were inactivated by DEP. It is concluded that DEP does not react with double-stranded phage DNA and can be used in the extraction of biologically active phage DNA, if no protein is needed for biological activity.
INTRODUCTION
Diethyl pyrocarbonate (DEP) a potent nuclease inhibitor (Fedorcs~k & Ehrenberg, I966) is now currently used in the extraction of undegraded RNA from plant material (Solymosy et al. I968; Weeks & Marcus, 1969; Fedorcs~k, Natarajan & Ehrenberg, I969; Solymosy, Lfizfir & Bagi, I97o) , animal tissues (Abadom & Elson, I97O) , fungi (Chet & Rusch, I97o; Forrester, Nagley & Linnane, I97O) , bacteria (Summers, I97o) and tobacco mosaic virus (TMV) (Oxelfelt & Arstrand, I97o) . Recent attempts to employ the DEP method in virus research (Oxelfelt & Arstrand, 5970; Guly~ts & Solymosy, I97o; Oberg, I97o) warrant a detailed study of the effect of DEP on the biological activity of the nucleic acids of bacteriophages. The following facts are known so far about the effect of DEP on the biologicaI activity of nucleic acids:
RNA extracted by the DEP method was shown to retain its biological activity under certain conditions (Fedorcs~ik et al. 5969; Abadom & Elson, 5970; Oxelfelt &/krstrand, I97o ) . Recent studies have shown, however, that DEP does inactivate purified TMV-RNA (Guly~is & Solymosy, 197o, Oxelfelt & Arstrand, 197o) , purified tRNA (Deni~ et al. 197o ) and poliovirus RNA (Oberg, 197o ) . Transforming activity of purified bacterial DNA was reported to be unaffected after treatment with DEP (Fedorcsfik & Turt6czky, 2966) . However, transforming activity of bacterial DNA is no unequivocal indication of the molecular integrity of the DNA involved. Therefore the use of a more sensitive system such as the transfection system in which the molecular integrity of the nucleic acid is a prerequisite of biological activity seems to be warranted.
It will be shown in the present paper that the biological activity of protein-free transfectious DNA isolated from Bacillus subtilis phage 3NT was not altered after DEP treatment. It is concluded that DEP does not react with double-stranded phage DNA and can be used in the extraction of biologically active phage DNA. On the other hand the biological activity of spheroplast-infecting particles isolated from phage T4 by the NaC104 method was abolished by treatment with DEP. This and additional evidence to be reported in the present paper indicate that these particles are similar to the so-called 7r particles (Mahler & Fraser, I959) prepared from T even phages by osmotic shock or urea treatment (Spizizen, I957; Fraser et al. I957) . The importance of phage protein in the infection process by rr particles will be discussed. Chemicals. DEP (' Baycovin') was a gift from Bayer Ltd., Leverkusen, Germany. Trypsin (Type I), trypsin inhibitor (Type I-S) and DNase (Type DN-c) were purchased from Sigma Co., St Louis, Mo.
METHODS

Bacteria
Media. Yeast-peptone (YP)broth: Iog. Bacto-Peptone, 3 g. Bacto-Yeast extract, 3 g-NaC1, 2 g. Na~HPO4, I 1. distilled water, pH 7.2 (adjusted with Io ~ (w/v) NaOH). YP-agar: the same as YP-broth but containing also 2 ~oo agar (w/v). Minimal (MI) broth: ~o ml. glycerol, 1.74 g.; K2HPO4, o'58 g. ; NaC1, 2. 5 g. ; MgSO4.7H20, o'03 g. ; ferricitrate, 4"8 g.; glutamic acid, 2.I g.; citric acid, I'35 g.; (NH4)2SO4, I 1.; distilled water, pH 7"4, adjusted with Io ~ (w/v) NaOH. MgSO4 and ferricitrate were autoclaved separately and were added just before the use of the media. MI-agar: the same as MI-broth but containing also 2 ~ (w/v) agar. PA and PAM media: according to Guthrie & Sinsheimer 0963). 3XD (glycerol-casamino acid) medium: according to Fraser & Jerrel (I953) .
Propagation, purification and titration of phages. Bacteriophages T4 and T4rIIBI68 were grown in the 3XD medium. T4 phages were purified according to Mandell & Hershey (I 960) . Bacteriophage 3NT was propagated by the method used for the propagation of B. subtilis phages as described by Thorne (I962) . For the purification of 3NT phage the phage suspension was centrifuged at 4 ° for 30 min. at 6ooo g, the supernatant fluid was centrifuged at 4 ° for I hr at IOO,OOO g and the pellet was resuspended in 0"o5 M-tris buffer, pH 7"6.
For the phage assay, samples containing wild T4 or T4rIIBI68 phages were diluted with YP-broth and titrated by the agar layer method. The titration was carried out on YP-agar using E. coli S for T4 phage and E. coli Ki2()t) for the transformants of T4rIIBI68 phage.
Samples containing phages 3NT were diluted with MI-broth. To 0"5 ml. of diluted phage suspension 0.6 ml. of indicator bacteria, 0"5 ml. of YP-broth and 0.6 ml. of MI-agar medium Phage DNA and diethyl pyrocarbonate 375 were added at 65 ° and layered on the surface of MI-agar medium. Bacillus subtilis MARBURG VALE grown for 3 to 4 hr in YP-broth medium to I.o × ro s cells/ml, was used as indicator.
Plaques were counted after incubation at 37 ° for I6 hr.
Preparation ofspheroplasts was according to Guthrie & Sinsheimer (I965).
Preparation of DNA from bacteriophages (a) Phenol-SDS method. Purified phage suspension (5"4 ml.) was mixed with o.6 ml. Io (w/v) SDS and 6-o ml. of 9o ~ phenol (9o ml. redistilled phenol+ Io ml. o'o5 M-tris buffer, pH 7"I). The mixture was shaken at room temperature for Io min. and was centrifuged at 4 ° for to rain. at 8000 g. The aqueous layer was separated and DNA precipitated by 2"5 vol. of 96 ~o (v/v) ice cold ethanol. The DNA precipitate was collected by centrifugation, dissolved in 2.o ml. ofo'o5 M-phosphate buffer, pH 6.8, containing o'4 M-NaC1, and dialysed against I 1. of the same buffer for 8 hr at 4 °.
(b) DEP-SDS method. Purified phage suspension (5"4 ml.) was mixed with o-6 ml. 2o ~o (w/v) SDS and o'o5 ml. DEP. The mixture was shaken at room temperature for ro rain. and centrifuged at 4 ° for Io rain. at 8o0o g. The supernatant fluid was precipitated by 2"5 vol. of 96 ~o (v/v) ice-cold ethanol. The further steps were the same as with the phenol-SDS method.
(c) NaCl04 method. This was done according to Freifelder (2968) .
DEP treatment of infective materials. Phage DNA 0oo#g. DNA/ml.) dissolved in o'o5 M-tris buffer, pH 6.8, containing o. 4 M-NaC1; or phage suspensions; or NaC1-or NaC1Octreated phage suspensions containing about Io 11 to Io TM p.f.u./ml.; were mixed with o.o 4 M-DEP. Each mixture was shaken at room temperature for I min. and, to prevent particles from escaping DEP treatment, was poured into another sterile test tube. Finally the mixture was incubated at 4 ° for 72 hr, to let DEP completely decompose.
Transfection assay of phage 3NT DNA. DNA isolated from phage 3NT proved to be transfectious to B. subtilis strain I68. The phage 3NT seems to be identical (Csisz~r & Iv~movics, I965 ) with the phage PBSI described by Takahashi (I963) . An indole auxotroph mutant of B. subtilis T68, grown under the conditions described by Anagnostopoulos & Spizizen (I96I) and modified by Bott & Wilson (x967) , was used as competent bacterium. The transfection was performed in the following manner: o.I ml. of 3NT DNA was incubated with o'9 ml. suspension of competent B. subtilis (5"o × Io 8 cells/ml.) at 37 ° for 3 ° min. Finally, o.2 ml. DNase (I mg. DNase dissolved in r ml. of 2 mM-MgC12) was added and the number of p.f.u, were established by layering on YP-agar medium.
Transformation by phage T4. This was carried out according to Veldhuisen, Poelman & Cohen (I968) but washing of spheroplasts on Sephadex was omitted. Table ~ indicates that whereas the infectivity of the intact phage 3NT was destroyed upon treatment with DEP, that of the phage DNA remained unaffected. In addition, the nucleic acid extracted from the phage 3NT by the DEP-SDS method was practically as infectious as the DNA isolated by the phenol-SDS method.
RESULTS
Effect of DEP on the infectivity of Bacillus subtilis phage 3NT and its DNA
A. KONDOROSI AND OTHERS
Method of extraction
Phenol-SDS method DEP-SDS method The data presented in Table 2 allow one to draw three conclusions: (a) The infectivity of both intact phage T4 and osmotically shocked phage T4 (T4-NaC1 rr particles) towards E. coli cells and E. coli spheroplasts, respectively, was destroyed after DEP treatment of the phage particles. (b) Phage DNA extracted from T4 by either the phenol-SDS or the DEP-SDS method exhibited no infectivity to either intact cells or spheroplasts, in contrast to phage DNA prepared by the NaC104 method according to Freifelder (I968) . (c) T4 DNA prepared by the NaC104 method was infectious and the infectivity was inactivated by DEP. The latter finding contradicts the results obtained with 3NT DNA. Therefore, the properties of the NaC10~-treated T4 phage were analysed in detail. increased formation of infecting particles towards spheroplasts. When the phage particles were treated with NaC104 for 24 hr the spheroplast-infecting particles were gradually inactivated and the extent of this inactivation depended on the NaC104 concentration used. The instability of the spheroplast-infecting particles to prolonged treatment with NaC104, as well as their sensitivity to DEP treatment (Table 2) suggest that in the infectivity of DNA isolated by the NaC104 method some residual protein is also involved, In addition, Table 3 shows the effect of trypsin and DNase on the infectivity of perchlorate-extracted spheroplast-infecting particles. It may be seen that both trypsin and DNase inactivated these spheroplast-infecting particles. By mixing DNA-free phage proteins and protein-free phage DNA the infectivity was not restored. The biological activity of isolated T4 DNA was measured in the phage transformation system. The transforming phage DNA is not inactivated after DEP treatment and the DEP method is well applicable for the isolation of transforming DNA (Table 4) .
DISCUSSION
The DEP method, a procedure recently introduced for the extraction of undegraded RNAs from a variety of tissues, has now been employed for the isolation of DNA from bacteriophages. The investigations were necessarily extended to a study of the effect of DEP on the biological activity of the extracted DNA since DEP had been found to react with The fact that neither the transfectivity of 3NT DNA nor the transforming activity of T4 DNA decreased after DEP-treatment is in good agreement with the finding (0berg, r97o) that DEP does not react with the double-stranded (RF) form of poliovirus RNA. Double strandedness of nucleic acids seems to preclude any substantial reaction with DEP. In further experiments the DEP method was used for the isolation of transfectious DNA from phage 3NT, and transforming DNA from phage T4. Further, the results with transfection and transforming DNA mean that the DEP method is well applicable for the isolation of bacteriophage DNA.
However, like the classical phenol method, except on protamine sulphate aided spheroplasts (Benzinger, Kleiber & Huskey, 1970 , the DEP method was not able to yield transfectious DNA from T4 phage particles and DEP destroyed the transfecting activity of DNA isolated from the T4 phage by the NaC104 method. The loss of transfecting activity upon treatment with DEP was taken as evidence that phage protein is involved in this process, for DEP is known to be a powerful protein-denaturing and inactivating agent (Fedorcs~k & Ehrenberg, 1966) . On the basis of the instability of these infecting particles isolated by NaCIO~ and on the basis of their sensitivity to both trypsin and DNase, these particles seem to be similar to the so-called rr particles (Mahler & Fraser, 1959) .
We suggest that in the particles prepared from T4 phage by the NaC104 method there is still a rather strong protein-DNA bond which plays a role in the infection of spheroplasts and that the disruption of this bond irreversibly inactivates the phage particle. The possibility of the existence of this protein-DNA bond is also supported by Freifelder 0966). This means that the use of the NaC104 method in the isolation of infectious DNA from bacteriophages has certain limitations.
